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Abstract of JP2001231767 

PROBLEM TO BE SOLVED: To precisely detect 
excessive noise and excessive non-physiological 
noise in the development of the evaluation test of 
auditory brainstem response(ABR) in response to 
auditory stimuli. SOLUTION: A stimulation 
generating part 10 generates click stimulation 
and is repeatedly administered to a subject, and 
an electroencephalogram(EEG) converter 20 
detects the response of the involuntary EEC of 
the patient to the stimulation and samples it. 
Next, EEC signal adjusting 30 signal processing 
40 operate to prepare EEG response analysis. 
Next, a statistical analysis 50 of the existence of 
ABR and an excessive EEG noise detecting 60 
operate simultaneously. A microphone 80 detects 
surrounding noise, signal adjusting 90 and 
processing 100 operate with this surrounding 
acoustic signal, and an excessive surrounding 
noise detecting 1 10 operates. The detecting 60 
and the detecting 110 compare the result with 
reference data 70, and a controller 120 provided 
with a user interface displays the result of 
evaluation based on the comparison. 
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^ AUDITORY CAPACITY JUDGING DEVICE WITH DETECTION AND EVALUATION 
CAPABILITY NOISE 

Claims of corresponding document: EP1114612 



1 . A device for liearing evaluation of a subject comprising: 
means for repeatedly delivering auditory stimuli; 

means for sampling electroencephalographic responses to said stimuli; and 

means for determining that no Auditory Brainstem Response ("ABR") waveform is present in said 

electroencephalographic responses. 



2. A system for hearing evaluation of a subject comprising: 
a transducer having an audible click output stimulus; 

an electrode system adapted to detect an electroencephalographic response to said stimulus; and 
a processor, responsive to said electroencephalographic response, having means for sampling the 
electroencephalographic response; 

means for processing the sampled electroencephalographic response; and 

means for determining that no ABR waveform is present in said electroencephalographic responses. 



3. A device for hearing evaluation of a subject comprising: 
means for repeatedly delivering auditory stimuli; 

means for sampling electroencephalographic responses to said stimuli; and 

means for predicting that no ABR will be detected in said electroncephalographic responses. 

4. The device according to claim 3, wherein the means for predicting that no ABR will be detected in said 

electroncephalographic response comprises: 

means for detecting the presence of an ABR within a predetermined number of electroencephalographic 
responses; and 

means for determining, with fewer than said predetermined number of electroencephalographic 
responses, that the probability that an ABR will be detected is statistically low. 



5. A system for hearing evaluation of a subject comprising: 
a transducer having an audible click output stimulus; 

an electrode system adapted to detect electroencephalographic responses to said stimulus; and 
a processor, responsive to said electroencephalographic responses, having means for sampling said 
electroencephalographic responses; 

means for processing said sampled electroencephalographic responses; and 

means for predicting that no ABR will be detected after a predetermined number of said 

electroencephalographic responses. 



6. The system according to claim 5, wherein the means for predicting that no ABR will be detected in said 
electroencephalographic response comprises: 

means for detecting the presence of an ABR within a predetermined number of electroencephalographic 
responses; and 

means for determining, with fewer than said predetermined number of electroencephalographic 
responses, that the probability that an ABR will be detected is statistically low. 



7. A method for hearing evaluation of a subject, comprising the steps of: 
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repeatedly delivering auditory stimuli; 

sampling electroencephalographic responses to said stimuli; and 

determining that the probability is statistically low that an ABR waveform is present in said 

electroencephalographic responses. 



8. A method for hearing evaluation of a subject, comprising the steps of: 
repeatedly delivering auditory stimuli; 

sampling electroencephalographic responses to said stimuli; and 

predicting that no ABR will be detected in said electroencephalographic responses. 



9. A method of evaluation for hearing loss which comprises the steps of: 
repeatedly delivering auditory stimuli to a subject; 

measuring electroencephalographic responses to said stimuli, said responses having an amplitude polarity 
at each point in time; 

digitizing said electroencephalographic responses; 

transforming said digitized electroencephalographic responses into a series of binary numbers 
corresponding to the polarity of the amplitude of said electroencephalographic responses; 
transforming said binary numbers into an array of polarity sums; 

calculating a test statistic zmax based upon said array of polarity sums; and determining the probability 
that no ABR waveform is present in said electroencephalographic responses by analysis of said test 
statistic zmax. 



10. The method according to claim 9, wherein the step of determining that no ABR waveform is present in 
said electroencephalographic responses by analysis of said test statistic zmax comprises: 

calculating an expected mean value of zmax; 

comparing zmax with said expected mean value by using a distance factor; and 

detemiining that the probability that no ABR waveform is present in said electroencephalographic 

responses is statistically low when the distance factor is below a predetermined threshold. 



11. The method according to claim 10, wherein the expected mean value of zmax is derived from 
normative data. 

12. The method according to claim 1 1 , further comprising the steps of: 
calculating a signal to noise ratio; 

taking into account the signal to noise ratio in calculating the expected mean value of zmax. 



13. The method according to claim 12, further comprising providing the predetermined threshold as -1.3. 

14. A method of evaluation for hearing loss which comprises the steps of: 
repeatedly. delivering auditory stimuli to a subject; 

measuring electroencephalographic responses to said stimuli, said responses having an amplitude polarity 
at each point in time; 

digitizing said electroencephalographic responses; 

transforming said digitized electroencephalographic responses into a series of binary numbers 

corresponding to the polarity of the amplitude of said electroencephalographic responses; 

transforming said binary numbers into an array of polarity sums; 

calculating a test statistic zmax based upon said array of polarity sums; and 

determining the presence of adverse evaluation conditions by analysis of said test statistic zmax. 



15. The method according to claim 14, wherein the step of determining the presence of adverse evaluation 
conditions by analysis of said test statistic zmax comprises: 
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delivering stimuli; 

sampling responses to said stimuli; and 

predicting that said responses contain said evoked response. 



25. The method according to claim 24. wherein the step of predicting that said responses contain said 
evoked response comprises: 

determining the statistical distribution of said responses; 

calculating the probability that said statistical distribution would occur given the absence of said evoked 
response; and 

comparing said probability to a predetermined threshold. 



26. A method of evaluation for hearing loss which comprises the steps of: 

repeatedly delivering auditory stimuli to a subject; 

measuring electroencephalographic responses to said stimuli, said responses having an amplitude polarity 
at each point in time; 

digitizing said electroencephalographic responses; 

transforming said digitized electroencephalographic responses into a series of binary numbers 

corresponding to the polarity of the amplitude of said electroencephalographic responses; 

transforming said binary numbers into an array of polarity sums; 

calculating a test statistic zmax based upon said array of polarity sums; and 

using regression analysis to determine the probability that no ABR waveform is present in said 

electroencephalographic response. 



27. A method of evaluation for hearing loss which comprises the steps of: 
repeatedly delivering auditory stimuli to a subject; 

measuring electroencephalographic responses to said stimuli, said responses containing a signal 

parameter; 

digitizing said electroencephalographic responses; 

calculating a test statistic based upon said signal parameter; and 

determining the probability that no ABR waveform is present in said electroencephalographic response by 
analysis of said test statistic. 
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1.. Title oflavenikm 

HEARING EVAUJAnON DEVICE WTTH NOISE DETECTION AND EVALUATION 
CAPABDLrrY 
Claims 

1. A devi<» for hcarins evaluation of a subject comprisins: 
means for repeatedly delivering auditoxy stinmli; 

means for sampling clectioenccphaiographic responses to said stinroU; and 
jneaos for detennining that no Avditoiy Brainstcan Response C'ASR*0 
wavefoim b present in said elecirocaccpbalographic responses. 

2. A system for hearing evaluation of a subject coinprising: 
a transducer having an audible click output sdmulus; 

an electrode system adapted to dctea an clcctroen^phalographic itspoost 
to said stimulus; and 

a processor, icsponsivc to said elc<firocnccphalogi^hio response, having 
means for sampling the dcctroeoecphalogiapluc responsci 
means for proccssmg the sainpled clectroencepbalogr^c response; and 
means for detennining that no ABR wavefoim is present in said 
elcctrocnccphalographic responses. 

3 . A device for hearing evaluation of a subj^ comprising: 
means for repeatedly delivering auditoiy stimuli; 

means for sampling elcctiocnccplaIognq>hic responses to said stimuli; and 
means for predicting that no ABR will be detected in said 
electroncepbalograpMc nrsponses. 

4. Tae device acwrding to claim 3. wherein the mcam for prcdicti^ 

ABR will l)C detected in said elcctronccphalographie response corapriics: 
mc*ns for detecting the presence of an ABR within a pccdeicrraiucd 
number of electtocnccphalographic responses; and 
means for determining, with fewer than said predetermined number, of 
clectroenccphalographic responses, that the probability thai an ABR vdll 
be detected is statisticatiy low. 
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5. A system for hearing cvalufliion of a subject wmprising: 
a transducer having ao audible click output stimulus; 

an electnxie system adBptcd to detect electroencephalograpliic responses to 
said stimuhis; &zki 

a processor, it^xxisive to s^d cIectioencq>h&logzBphic zespoascs^ having 
means for sampling said electn>encq)ba]ographic lespooses; 
means for processing said sampled dectxoencephalographic responses; and 
means for predicting that no ABR will be detected after a predetermined 
number of said clectioenc^ualogFQphic responses. 

6. The system according to claim 5, wherein the means for prodicting tiiat no 
ABR ynSl be detected in said electroencq>hakjgrapidc response comprises: 
means for dstectmg ihe preseoce of an ABR within a predetermined 
oumber of deciroenoephalographic responses; and 

means for dctcimining, with fewer thsn said predetennined number of 
electroencepbalographic responses, that tbe probebUity that an ABR will 
be detected is statistically low. 

7. A method for bcaiiiig evaluation of a subject. coni(irising the steps of: 
repeatedly delivering auditory stimuli; 

samplhig eledroencephaJographic responses to s«id stimuli; and 
determsniiig (hat the probability is stadstkally tow that an ABR wavtform 
is present in said ctectroencephalosFqihie lesponses. 

8. A method for hearing evaluation of a subject, comprising tbe steps of: 
repeatedly delivering auditory stimuli; 

sampling electroencephalographic responses to said stimuli; and 
predictins that no ADR will be detected in said electioencephalosraphic 
lespooscs. 

9. A method of evaluation for heating loss which compiises the steps of: 
repeatedly detivenng auditory stimuli to a subject; 
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measuring eleciioeacephalographic responses to said stimuli, said 
Tesponses having an amplitude polarity at each point in time; 
digjdztng said electroencephalogtaphic responsea; 
transfbimiiig said digitized dcctroeni^phalographjc rcspoosss into a scries 
of binary mimbers corresponding to the polarity of the amplitude of smd 
electrocnccpbaiographic responses; 

transfoimmg said binary numbers into an array Oi polarity sums; 
calculating a test statistic tf^^ based upon said array of polarity sums; end 
dctennining the probability that no ABR waveform is present in said 
electrocnccpbilographic responses by analysis of said test statistic Zfnac 
} 0. The metiiod accotding to claim 9, wherein th$ step of deternmiing that no 
ABR wav^fonn is present in said elcctroencephalogrsphic respocises by 
analysis of said test statistic zmax cofflprises: 
calculaling an expected mean vabie of 2>|,^; 

comparing Jmax with said expected mean vslue by using a distance factor; 
and 

determining tliat the probability that no ABR waveform is present in said 
eIcctroencepbalog7^]tiic re^nses is statistzcslly low when the distance 
factor is below a pFcdetermined threshold. 

11. The method according to claim 1 0, wherein the expected mew value of 
^max ^ derived ijom nonnative data. 

12. The method according to claim 1 1 . fVother oomprisiDg the steps of: 
calculating a sigiial to noise ratio; 

taldng into accouni the signal to noise ratio in calculating the expected 
mean value of ^max- 

13. The method according to claim 12, further comprising providing the 
pcedetennioed threshold as -1 J. 
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14. A method of evaluation for hcarii^ loss which comprises the st^ of: 
repeatedly delivenng auditozy stimuli to a subject; 
aiesRiiing clectrocncephalographtc icsponses io said stimuli, said 
responses having an a&tpliitide polarity at each point in tim^; 
digitizing said electroeiicephalogra{^c lespooses; 
transfonmng said digitized electioeucephalogi^hic 
of oinaiy numbers conespondlng to the polarity of the amplitude of said 
etectroencephalographic response^ 

transfbnning said binaiy numbers into an anay of polarity sum^ 
calcubdng a test statistic Zjyujx based upon said array of polarity sums; and 
dctfcrminiag the presence of adverse evaluation conditiojis by analysis of 
said test statistic z^ca- 
1 5. The method according to claim 14, i;»*crein the step of determining tlie 
presence of advsse evaluation condJtioiis by analysis ofsaid test statistic 
'max comprises^ 

cadculating an expected mean value of 

comparing Zj^oj^ with said e;q?octed mean value by using * distance ^tor; 
and 

deteiroinirig &c presence of adverse evaluation conditions when the 
distance factor is rfwve a predetermined tljrtshold. 

16. The rnediod according to daim 15, ^rcin the expected mean value of 
'mar <ienved from nonnatlve data. 

1 7. A method of evaluaiioa for hearii^ loss which oomprisci the steps ofc 
repeatedly delivering auditory stimuli io a subject; 

mc«3iiiiijg electix>enccphalographic responses to said stimuli, said 
responses Iiaving an amplitude polarity ai each point in time; 
digitizing said e!ectroeace|AaIographic responses; 
transfoiming said digitized electioenccphalographic responses into a series 
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of binaiy xiumbcrs coiresponding to the polarity of the amplitude of said 
clectioeaceplialo^rapfaje tespooses; 

traaafonning said binaiy numbers into an 9nsy of polarity sums; 
calculating a Cest statistic based upon said array of polarity sums; and 
predictiiig thai no ABR wiU be detected in said electrocnccphalographic 
responses by analysis of the test statistie'rjnar- 

18. The mcthcd according to claim 17. wherein the step of predicting that no 
ABR will oe detected after a prcdetcnDinod number of 
eJcctroencephalographic.rcsponsc$ by analysis of the test statistic Zfftwc 
comprises: 

calculating an eacpected mean value of 

comparing Zmax with its expected mean value by using a distance ^ctor. 
and 

pxediciing that do ABR wiU be detected after a predetermined mmiber of 
clectroencephalographic responses when the difference factor is below a 
picdctcrmincd thieshold. 

1 9. The method according to clmm 1 S. wherein the expected mean value of 
^fiua is derived from normative data. 

20. The method acconflng id claim 19, additionally comprising the steps: 
calculating a signal to nmse ratio; 

taidng into account the signal to noise ratio >n calculating the expected 

mean value of imax- 

21. fhc method accordiz^ to claim 17. finther comprising providing the 
pFcdetcraiined threshold as -1.3. 

72. A method for detecting an evoked response, comprising the steps of: 
delivering stimuli; 

sampling responses to said stimuli; and 

pradictijig tiiat said responses do not contain said evoked response. 
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23. The method according to daLn 22, v^icrcin the stq> of pxedictins that said 
re^poascs do not coatain said evoked res|>ons8 comprises: 
detcnniniOK ihc statistical distributiofi of said responses; 

calcuJating the probability that said statistical distribution would occur 
given the existence of said evoked respoDse; and 
comparing said probabQi^ toapiedetennined tiuoshold. 

24. A method for detecting an evoked response, comprising the steps of: 
delivering stirauli; 

sampling responses to said stinmli; and 

predictiitg that said responds contain said evoked response. 

25. The method according to claim 24, whacia ifac step of predicdng that said 
icspoQS^s contain said evoked response comprises: 

determining the statistical distribntioit of said itsponses; 
calculating the piobibaity that said statistical distribution wotUd occur 
^ivcn the absence of said cvcksd response; and 
comparing said probabiliiy to a pfcdcicrmined threshold. 

26. A method of evaluation for hearing loss which comprises the steps of; 
repeatedly dctiveriag suditoiy stimuli 1o a subject; 

measuring elcGtcocDcephalographtc responses to said stimuli, said 
responses having an amplitude polarity at each point hi tune; 
digitizing said electxoeoc^halo$r8^c icsponses; 
transfonning said digitized eleciroiaicephalogr^hifr responses into a series 
of binajy numbers conxspondins *o the polariQr of the amplitude of said 
<$Iectroencephak>graphic responses; 

transfonniDg said binary numwcrs into an array of polarity sums; 
calculating a test statistic Zs«» based upon said array of polarity sums; and 
using regression analysis to detennine the pfoba'uiHij that no ABR. 
wavefoxin Is present in said dectroencephalographiv- response. 

17, A method of evaluation for hearing loss yfhich comprises the steps of: 
repeatedly delivering auditory stimuli to a subject; 
measuring electiDeacephaiographic responses to said stimuli, said 
responses contaimng a signal parameter; 
digitiztng said ciectiDeneei^ogn^htc responses; 
calculating a test statistfc based upon sakl ugnal parameter; and 
deteraiining the probability that no ABR waveform is present in said 
cleetrcencqihalographic response by analysis of said test statistic. 
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3. Detailed Descnplioa of Inveniioo 

Thts i^licatioD is related to t» co-pendkig and coinixidnly assigned U^. 
Patent Applicalioii eatitted "Hearing Evaluation Device with Patient Conaection Evahntion 
Otpabiiitscs,** attomey DoclLet No. S668-2028, filed by Maithijs P. Snuts» Vineet Bansal, 
Abraham J. Totah and Bryan P. Flaherty aixi the U5. Patent Application entitled **Hcaring 
evaluation with Predictive Capabflities," attorney Docket No. 866S-2027, filed by M^tthija P. 
Smits afid Christopher M. Coppin» the disclosures of wldch are hereby incorporated herein by 
refcx^ikoe. 

1. Field of the rnventinn 

Th« present invention relates to devices and methods tliat vse 
electroencephalogisq^c responses to auditory stimoU to evaluate hearing toss. Mort 
particulflrfy. the present invention relates to the detection and evaloation of excessive noise 
fiactors, thereby increaains the reliability and speed of such evaluation. 

2. Background of the Invcniion, 

In the past, hearing impairment in babies and chililren was often not detected 
until aftei it was observed that the baby or child did not respond jiormaUy to sound. 
Unfortunately, it often took months or even years for the parent to obscivi; the inqjairment, 
and Wy that time the child's language and learning abilities were negadvely and often 
irrevcrably impacted. Indeed, recent studies indicate that the vocabulary skills of hearing 
impaired children markedly increases if their bearing loss is detected ccriy. The optimal time 
to evaluate for hearing loss is thus inunedial^ afier birth, both oecausc eady detection 
allows for early treatment, and because perepb oftea fail to bring their infants for later 
Appointments. As a result, a noinbeT of states have implemented progrstms to evaluate 
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nc-wbopis for bearing loss. 

However, babies, especially ncwboms, caanot participate in traditional 
licaring tests, wliich rcquiie the subject to tmficate if he or she hears the auditory stimulus. 
Thus, devices and methods have been developed to objectively dctcnninc hc^ng loss, 
without the voluntaiy paiticipatiou of subject One such method involves analysis of the 
involuntary elcctroenccphalographic (EEG) signals that are evoked lifom a subject in 
response to an auditory stiflnilus. It has been found that when a subjca is able to perceive a 
sound having particular charactcibtics, o specific EEG wavcfonn known as an Auditory 
Brainstem Response (ABR) is senerated. Hus AQR response signal is typically small ui 
magmtude in idaiion to general KHG activity. Therefore, statistica] and signal processini^ ' 
tcciiniqucs have been employed md developed to help detect, to a pre-defined level of 
statistical confidence, v^i^ther an ABR reqxxise has in fact been evoked. ABR testing is 
especially i^plicablc to evaluation of InfBnts, but can be applied to aay subject. 

The ADR that is evoked in response to the auditoiy stiinulus may be measured 
by use of surface electrodes on the scalp or neck. As a practical matter, the electrodes will 
also detect noise signals from neural activity 0>esides the ABR), muscle activity, and non- 
phystologieal, environnacntal noises. Aceutate detection of excessive noise, and excessive 
non-physioiogical noise, has thus been a cuallenge for those developing ABR evaluation 
tests. It would be especially advuita«;eous to discem noD-physiolcgical noise, because such 
noise may be ameliorated or even eliminated (such as by moving or turning oiT«n interfering 
device). 

The present invention represents a major advance in the art because It allov^ 
for more accurate detection of excessive noise, and because it provides a method to dciect 
non-physiologicBl noise. 
3. Descripiionofthe Prior Aft 

Several techniques have been used to miziimi-^e the physiologic^ noise in the 
EEG response finom an nuditoty stimulus (SSS. M. Don and C ElberUns, Evtdvating Hesidual 
Background Soise in Hitman Auditory tiraSn^em Jtesporrses^ J. Acoust Soc. Am. 96 (5), Pt 
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1 : 2746-2757 (1994)), including signal averaging ^4 weighted signal averaging, signal 
filterii^, ardfecl rejection, stimulus modification, targeted electrode placenient, and various 
techniques desig^ned to relax or sedate the subject 

The prioi »it also dctaib techniques tiiat evahiato the cuircnt noise content in 
the averaged EEC response against a pre-set threshold, which rq»«8e&ts a stoppmg criterion 
for the hearing loss evaluation. However, the pruir art does not provide for the detection of 
except ve noise in relatxoii to noa-puysiolagical noise sources or the use of nonoative data. 

The prior art also addresses some exces^'ve acoustic noise issues by rejecting 
EEG responses if the ambient acoustic noise amplitude exceeds a ceitain pre-set tlneshold. 
Such ambient acoustic noise can be detected Trom a inicrophone placed on or near Ifaie 
earphones of the subject, and if it exceeds a prcdctemiined voltage threshold, tbcn EEG 
rc5|X)nsc9 obtained at or near the time of excessive noise can be rejected. Additionally, the 
ambient noise Tccetved by the micropbanes cftn be filtered before analysis, to exclude noise 
that is unlikely to intetfece with testing by maskmg the auditory click stimulus. 
4. Objects and Summary of the Invention. 

The present invention provides a device and mctliod fof use in analyzing tiie 
EEG sisnal evoked in response to an auditoiy click stimulus, to determine if the subject 
suffers from hearing loss. Broadly, the invention is directed to devices and metliods that arc 
capable of detecting excessive noise, basod vpon analysis vsin; normative data, and using 
ccrUiin statistbal techniques. This invention also is directed to devices and methods capable 
of detecting certain non-physiological noise* and determining when such non-physiological 
noise is exc^ivc. Additionally, this invention allows for an improved determination of 
whether the »nbient acoustic noise in the test site is excessive. 

In one embodiment of (he invention, evok^ EEG responses to auditory 
stimuli are collected, and organized into "sweeps," with each sweep containing the response 
signal for one auditoiy stimulus. The sweeps are organized into blocks^ with each block 
containing a number of swe^. 
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The rtsponsc signal for each sweep is digiti/cd and converted into a scries of 
hiimy numbOT conesponding to whether the amplitude of the response sigual is positive or 
negative at various points in time. The di^tizcd, binary waveform is compared to a 
benchmark ABRwavefonn to dcietminc if the ABR Is iiresenL To make this delcnnination, 
a polarity sum is calculated, which rppiesents flie sum of the polarities of tLe reqwnsc signals 
at each measured point in time. Statistical tecSoiques are then used to dcternrinc if an ABR is 
piesciit, relying upon the expected distribution of |»lariiy sums m the absence of an ABR- A 
"Pass" Is triggered if the observed polarity sum distribution is dctcmiinod to be statistically 
different, to a defined threshold, than thai expected from random noise. AAer a certain . 
number of blocks have brxn completed, the evaluation wfll cease if a "Pass" has yet not been 
triggered. Under such ciicumstanoes, tljc subject will be refcnred for Luther testing to 
determine iThe or she in £ict does suffer from hcaiins loss. 

In accorelance with the present hivention, evaluation may be paused if the 
noise contribution to the response signal exceeds a preset threshold, and therefore is deemed 
to be excessive. The preset threshold is prefer^ly derived from an analysis with standaidized 
normative dats. The pause period allows the operator time to altcnipt to correct the excessive 
noise. Moreover, evalwition can also be paused if tlic contribution of non-physiolo^cal noise 
is excessive. One method of detennining excessive noo-physiological noise is to measure 
the extent to which the average sum of polaiities deviates from chance, i.e., the extent to 
wluch the distribution of the average sum of polarities deviates from the dblriliutiun that 
would be ncpected. Another metliod of detefmintng excessive non-j^iysiological noisc is to 
mcosure the difference between mean wd median EEC signal amplitude tor a block of 
sweeps. If such deviation or difference is beyond a prc-sct threshold (and therefore 
''excessive*^, the svaluHion may not only pause to allow tiie operator an O2>portunity to 
eoirect the problem, but the latest block of data may also be rejected. 

It may be desirable in some instances to alert the operator to the presence of 
non*pfaysiological noise even if the noise is not deemed to be excessive. The operator could 
then attempt to ameliorate or even diminatc die noise, thereby increasing the efficiency of 
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the test. The present invention therefore improves upon the prior an through its methods of 
automaticflUy detecting excessive noise and uy detecting aa excessive non-physiological 
coroponeni iu th$ noise. 

The pcesent inventioD also provides an improved device and method to 
df^emunc if the amWcnt acoustic lioise is excessive, based \spaa jngnal energy, rather than 
noise an^itode, as commonly used in aftifect iqection. 

As described below, tfae present invention makes extensive use of nonnative 
data. These normative data were derived fiom analyas of clinical data,.and from computer 
simulationi representing di^crent testing conditions. Nomutive data have been used to 
develop the drawings described in the subsequent paragraph, and are thus representative of 
clinical and statistical (computer simulated) data that could be compiled by a person of 
ordinary skill u the art. 

Further features^ clcmoits, and advantages of the ptescnt invention will 
become apparent to a |>er^ of ordinary skill in th^ azt in view of the foOowing detdlcd 
description of a prefeited embodiment of the jvesent invention, naade with reference to tfae 
drawing annexed, in which like refcareuce characten conespond to like elements. 
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5^ DcscTlPtion of the PrT ^'^ft^ KmbodtinCfit 
A. Qvefvicw 

The inveation disclosed herein detects, processes a*id analyzes tfic EEG 
icsponse of a subject to certain sound sOmuH. A click sound stimulus is natively applied 
to the subject's esrtljrougb a transducer. The click stimuli may b§ applied to one ear at a 
time (monoaarally),o* t6 both cws simultaneously (bi^^ In a picfciicd embo<&n«it, 
mono aural stimuli are q)plied at 37 Hz. 

The EEG response is detected from surface electrodes. Testing may be 
perfonncd to ensure that the clccinodcs have been properly placed, and that nothing is 
impeding the electrodes* ability to detect the EEG response signal- 
In a prefcnwl embodiment fes Fig. 6). the electrodes arc placed on the 
subject in the followittg manner: & positive electrode is placed on the forehead, a negative 
electrode is placed on the nape of the neck, and a ground electrode is placed on the mastoid 
or shoulder. The EEG signal detected fiom tiiese. electrodes is fihcicd so as to exclude 
signals that are not applicable 1o the ABR. 

The amplitude of the EEG response is digitized, ami h assigned a binary 
value. This binary value Typrcseats the fonplitude polarity of the wavefonn. that is, whether 
the response EHG an^litnde is positive or n^g&tive, at the measured time. 

The sthnufi and responses are grouped into "sweeps'* and '^blocks." A sweep 
is aiesponse waveform to a single dick stimnlus. A block is a series of sweeps, and in a 
preferred embodiment, represents 500 accqjted clack stimuhis responses. We refer to 
••accepted** click stimulus responses, because results from some sweeps may be rejected from 
analysis due to problems with the tcsiing conditions, as expkined further below. 

Upon completion of a block ofacoept&d sweeps, signal averaging is used to 
compute (he composite waveform that re&ults from this block. In addition, signal averaging 
is also used to compute the average composite waveform from-all bkxks combined. This 
average oomponte waveform is then compered with an internal template, to detomine if the 
null hypothecs (H^ can Ue rejected. The null hypothesis is the hypothesis that the baby is 
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hcaring-imiwdred O.e.. ftem is no ABR response), and wiU be ngcctcd if the probability of 
healing impainneat is Wow a certain tae-sct statistical threshold. In the preferred 
embodiment, the nuU hypothesis is rejected, and the evahation ceases, vrhcn sufBci^t d^ 
has been collected to condudc, with 99.96% stadstical coofidcocc, that «n ABR. wavcfonn is 
ptcscnL A "PASS" or other similar message may then be generated. 

If the average composite wavefbnn is insufficient to iqect the nuli hypothesis, 
then the evaluation continues until the total number of sweeps exceeds a preset threshold. If 
the maximuin number of sweeps has been exceeded, but th& null hypothesis has not been 
icjected, then the subject would typically bo lefared &)r fiirther testing to determine if in feet 
he or she suffers from bearing impairment. Additioiially» for cc/tain subjects, Hv? present 
invention may be able to predict that the subject will not pass, thus obviating th^ need for 
lenothy testing. (See U.S. Patent Application entitled **Hearing Evaluation Device with 
Predictive Capabilities,*^ £lel by Malthijs P. Smtts and Christopher M. CoppLo.) 
b. St<aial Analysis 

The chief challenge in using ABR to evaluate for hearing loss is the difficulty 
in distinguishing the ABR response (if any) from th« noise within which it ts buried, 'fhis 
noise is typically Gaussian-distributed, with a mean amplitude of zero, and with changmg 
variance. Additionally* certain non-physiological noise Is distinguished by the fkct that it is 
ssyznmctiic, as illustrated in Figure 3, which shows a typical symmetrical 60Hz iK>isc, and 
the asymmetrical noise associated with the refresh function of a computer monitor. 

- As stated above, the present invention detects the presence of aii ABR by 
repetitively applying click stimuli in blocks of -600 sweeps. Each click stimulus is 
comprised of a brief acoustic pulse containing enerfjy primarily in the 500-4000 Hz region. 
The repetition rate for the clicks is 37 Hz. The polarities of the click stimuli are sequentially 
alternated lietween condensation (positive square pulse) and rarefactioa (negative square 
pulse) stimuli. Since the noise typically has a mean of zero and no comL>onent is 
asynchronous with the stimulus repetition rates, it is likely to sum towsrd zero with 
increasing sweeps, leaving the ABR. 
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Uader the prefened embodiznent of the present inventioii, the ampltiudc 
sequence of each dick stimulus response is converted ijoxo a sequence of polarities (positive 
or negaiivc) whkh, in txim, is suouDOd with the other icapo^^ polarity sequeoces in block 
to foim the atray Xt, For instance, an ampiitudc sample in the dick stimulus response would 
be given a "1 ** if this amplitude vrcre positive (no m&tter how high), and a *'0'* if this 
amplhodc wer<e negative (no matter bow low). And, if no ADR woe present the expected 
proportion of polarities, which is the same as the polcuities of the ABR waveform would be 
0.5. However, if an ABR were present, the proporiion would hkely be higher. The 
propoilion of polarities in an evoked response matching the ABR wavcfoim is related to the 
amount of sigiml noise. 

Alter each block of sweeps, the summed polarity sequence for block b is 
smnmed with the other summed polarity sequences into an array Al Alao^ the total number of 
sweeps ATis calculated as the som of the number of sweeps iu each block: 

TIic swnmed polarity sequence A'is then compared a template waveform, 
which has been compiled with the use of normative data (gee Fig. I ). Thb template is 
comprised of A/ weighted points, strategically placed to match the typical ABR wavcfoms 
(s^ Fig. 2). At each of the hi points, a weight is assigned, reflecting the importance and 
polariQr of the given measurement point in ascertaining the presence of an ABR, as derived 
fiom normative data. Thus, for any given point m, the sum of the polarities would be The 
sum of the weigjbts equals zero. 
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The prescQt invcation uses a test statistic z to aid in deienninins if an ABR is 
present. This teat statistic is defined as: 

where His^ ntimbcr of sweeps, p b the probability of positive polarity, 9 is the 
complcmoitary probabflity . The test statistic i scores the random binary array X by 
multiplying its elements x„ at each template point m witli the corresponding weight and 
summing these results into a single, noimalized number. Now. ia the absence of an ABR, the 
peak of the <£8tf ibution ofz would remain at ^ro, while in the presence of an A^R, the test 
statistic would giow with iocreasiiig Dumber of sweeps N. 

Subjects exhibit variability in the latency of tue ABK waveform, so that 
different subjects, each of whom can hear, may exhibit ABR waveforms at diifcrent times 
af^r tiie click sttmului. In order io compensate for this variability, the test statistic 2 may be 
recalculated at variovis times. The highest a from t2ch of th«c iime-shiftcd samples, i'^, can 
be saved md used to detOTiine the presence of the ABR. In a preferred embodiment of the 
presnt inventiosip a pass is indicated when 2^ teaches a value that is 4 standard deviations 
ficMnzero* 

AdditionaUy, it has been found that the peak-to-peak amplitude of the ABR in 
nonnal-hcarin^ babie» varies fipom baby to baby. As explained ijelow» the present invention 
accounts for this variability in ABR amplitude, by making conservative assumptions about 
the ABR amplitude of the subject ^0 is being tested 

The present invention also disckises a method and apparatus for delecting 
excessive noise contribution* and for detecting noii-physioiogical noise anJ detcrminins 
when such non-physiok>gica] noise is excessive. 

Excessive (symnietdc) noise detection is a<^hieved by calculating the BEG 
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signai variance for each block of swseps» defined as: 



ai^^ 



Here TrcpreseaU aJl sampis poiiits in all sweeps in the block, and Sft) the 
EEO signal ampkilode at sample lime /. Ibis signal variance is oompaivd ^vith a threshold 
si^^ variance derived from normative datA. The vnnance thrcsliold, ooiTcsponds to a level 
of ooise so high that even s subject whose ABR was in the 90^ percentile in terms of 
amplitude would still £ul 50% of the time. 

Undv the present invention, excessive noise evaluation h conducted only 
after the compledon of each block of sweqjs. When excessive noise is detected, the 
evaluation p«»oseSp and the opeiator is asked whether he or she wants to continue evahiatioa, 
or stop the evaluation to allow time to address and possiuly ameliorate the excessive noi^. 

The present invention also alknva for the detection of excessive polarity bias 
in the response signal. Such polarity bi&s, fi, is associated witf) ceitaiA non*physio]ogica] 
iX)ise sources, such as the refresh 6incUon on a computer monitor. Excessive bias can skew 
tiie average sum of polarities. Excessive non-physiological (RsymmeUic) noise detection is 
achieved by ealculating iS» EEO polarity biias for each block of sweeps, defined as: 




This polarity bias is compared Vrlth tha ilueshold bias associated with the 10** 
percentile ABR wavcfoim, which is based on the signal variance and is derived from 
normative data. 
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Using noimtive data» aloog with the excessive noise techniques descrihedC 
one is able to define regions of diffaent coibUxiations of noise variance snd polarity bias, 
which arc assigtied with different test condition xcsuUs, sod which define adveise testing 
conditions (Fig. 4). In dining thess legions of ftlvsrse testing conditions, the noise 
variances associated with the i 0'*' and 90^ perc£ntile ABR waveform are used as tLe 
thicshold cvrves for the excessive noise end uias detection. 

In acoordance with another a^>ect of the pxeseni invention, one can evaluate 
pc^arity bias after the conviction of each block of sweq>5. If excessive bias is indicated, the 
last block of sweeps may be rejected, wad the operator may be queried as to whether the 
evahiation should ooatbue» or should be suspended to addiess the excessive bias. 

The polarity bias indicator of the present invention turns on every Urns the 
bias exceeds the nunimum threshold, which is set at four standard deviations away 6om the 
mean of the no-bias condition. Other levels could be used. Since the soukxs of 
asymmcCncal noise, aad hence polarity bias, arc conainonly non-physiological in origin, the 
bias indicator can be used to detect the presence of certain types of electrical interference 
from envinxunental sources, even if the polarity bias does not significantly affect the 
progression of Zm» 

The present inventioa also provides for an impioved ^li^ to detect excessive 
ambient acoustic noise. Reseaceh has indicated that amhieot uoiae can mask the click 
stimulus. (See Jes1eadt» et at, Torwafd-Maskiag Functions,- J. Aooust Soc. Am., VoL 71 , 
No. 4 April 1 982). In order to address this problem, in acoordance with ftc presat invention 
die signs! energy, E, of tljc ambient noise is measured, rather ihaa the amplitude of the signal. 
Additionally, the present invention gathers signal energy measuremcitts in three 
approximatdy 20-imlUsecond windows, each placed immediately prior to the onset of one of 
the last three clicks. Excessive ambient noise is determined accocxiing to the following 
cquatioo: 
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In this cq\Bliori» H » 72 and 73 aic the prc-click windows of time associated with the current, 
previous and previous click, itspcciivcly. P^(t) represenis the fUtewd microphone signa} 
at sample time t for sweep and a/ represents the sample time ioteml (tt =0^ 
milUscconds). If the weighted eBcrgy sum E exceeds a p?c-sct tiircshold, the coirenl sweep is 
rejected and tlic rejection is noted through an indicator on the grqihical user interface or 
otherwise. 

The generation of the dick stiinuhs. the detection of the EEO response signal, 
the detection of &c ambknt noise» the processing and analysis of the EliG re^wnse signal, 
and the display of the results arc perfonned by conventional electronic means, e.g. digital 
microprocessor controlled devices. Such devices include a transducer to generate the 
auditory §timulus, conventional electrodes to detect the EEG response signal, a conventional 
microphoBe to detect the ambient noise. To analyze the £EG response signal a jndces^ng 
unit such ss a conventional microprocessor, and mcmoty unit aie needed. Additidoally, a 
display unit and optiooaUy an input devico, such as & mouse and/of h keyboard,-prOvide 
operator interface. 

Ss ^own in Figure 6, stiratilus generator 10 generate;* tlic click stimulus, and 
EEG transdu-ixr 20 detect? the EEG response to the stimulus. Next, EEG signal coaditioning 
30 and signal processing 40 occur, rea«1ying the EEG respot^e for analysis. Stati^iical 
analysis for the presence of an ABR 50 then occurs; and excessive HBG noise detectfon ^ 
^muhaneously oocursy in accordance wiA the present invention. Also durins evaluation, 
microphone 80 detects ambieot noise, and this amtnent acoustic sigmd undergoes signal 
condidoiiing 90 and processing 100, and excessive ambient noise is detected 1 10, in 
accordance vwth tlie present invention. Normative data 70 is used for both the excessive 
ambient noisc analyds and the excessive EEG noisc detectiod. Fmally, a control device with 
user interface 1 20 displays the results. 

One skilled in the ait will appreciate that the present invcntioii cao be 
practiced by other than the piefened embodiments, vdiich are presented for puiposes of 
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illustration and not of limitatioiL In addition, the specific parameter values identified herein 
are useful or representative psraiwster values, and it should be understood ttiat otJicr values Oi 
ranges of vahies for these parameters may be used withoul departing from the spirit and 
scope ofthe invention. 
4. Brief Descriptsoo of Drawiags 

Figure 1 ilhistcaies a tyj^cal ABR. wecvefomu 

Figure 2 iUusfrates a weishted ABR template; - 

Figure 3 ilhistTates examples of typical symmetric 60 Hz noise and 
asymmetiic 60 Hz monitor refresh pulse noise. 

Figure 4 illustrates excessive bias snd noise detection thresholds as a iimction 
of agtial noise and polarity bias. 

Figure 5 illustrates a bode plot of the iiaidwaic flltcdng for the ambient noise 

evaluation. 

Figure 6 is a block diagram of the components of the testing ^paratus of the 
nrcscni invention. 
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Figure 6 




LAbslmci 

Au apparatus and melhod for cvaluadan of hearing loss is disclosed. The 
apparatus aod method use evoked AudiU^y Brainstem Responses (ABR) to detennine if the 
subject is able to hear click stimuli that ate repeatrdly administered. In order to facilitate 
efficicitf dtfiTcicntiatiun of the ABR from the aocompans^ng noise, noimative data Is used to 
detect test c(Hiditions iwhcre jAysioIogicsl, non-physiologica!, and ambient acoustic noise 
would interfere with the progression d test 
2. Representadve Drawm^ 



